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There are various approaches to the solution of the energy equa-  
t ion for a cy l indr ica l  arc and its appl ica t ion  to ca lcu la t ion  of the char-  
acter is t ics  of e l e c t r i c - a r c  heat ing of gases [1 -3 ] .  The method ex-  
pounded in [3] gives numer ica l ly  accura te  results through the use of 
successive approximations.  

In this paper we propose a different  approach to the solution of this 
problem; the hea t -conduc t ion  function becomes  the independent  
va r iab le  and the va r iab le  radius becomes  the required function. An 

approximate  po lynomia l  of the second degree  is used to obtain an ap-  

proximate  solution in f ini te  form. Examples  of ca lcu la t ion  for air  and 

argon show that  this solution is sui table  for engineer ing ca lcula t ions .  
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I. For the case of electric-arc heating of a gas in a cylindrical 

tube of round section, where the enthalpy h and specific flow rate pv z 

are independent of the longitudinal coordinate z, the energy equation 

has the form 

r T 

r - z ' - = - - E * "  r s =  ~ A T ,  (1.1) 
o r  

o o 

Here I is the to ta l  current and the subscript d denotes the boundary 

of the conducting region.  The relat ionship o* = o~ *) is assumed to be 
known. Integrat ing the las t  expression of (1.3) with the condit ion 
T/(1) = O, we obtain 

s ~ 

~1 ~ = 2 f t d s ~  " (1"7) 

1 

We approximate  t in the conducting region by a second-degree  

polynomial  

t - -  ao + a~s ~ § a~.s ~ �9 (1.8) 

To de termine  the coeff icients  a0, al,  and a 2 we use the boundary 
values of t and the va lue  of dt/ds* on the tube axis. Thus, Eq. (1.2) 
and the result  of its d i f ferent ia t ion are satisfied on the axis, and the 
in tegral  energy relat ionship is satisfied in the conducting region.  

From ( i .2)  and (1.7) 

s~  s~  I 

i 
1 1 

Hence, expanding the inde te rmina te  form, we find t(1) = --2A. On 

the basis of (1.5) we find t(s~) = -B~d 2. Differentiat ing (1.2) twice  
with respect  to s* and uslng (1.3), we obtain 

dt  / ds ~ Iso=l = A n ,  ~ = do ~ / ds  ~ [s~ �9 

Proceeding from (3..8) and the obtained boundary vaines,  we find 

ao ~ m o A  - -  noB~]cl*', al  = -- m i A  @ 2noB~]d~, 

a.~ : m .  A - -  noB~ld a , 

where k is the thermal  conduct ivi ty  and the other symbols have their  

usual meanings .  In the conducting region (sd* -- s* _< 1) Eq. (1.1) is put 

in the form 
$o 

Al l  ~" = - -  t i G~ ds~ ' (1.2) 
1 

/. ff ,~ 
:--, 8~ - , 

6 o S 0 

~o clq 
A = % ( E r ~ ) .  ~, t = ~ ] ~ .  (1.3) 

where 

2Sd~ (2 - -  sd~ ) asd~ 
m 0 =  (t--sa~ + l - - s a ~  

4 :~ (i + sa~ ) 
~' = (i -- sa~ + - -  ' i - -  sd~ 

2 a 
m2 = (t  -- 8a~ + i -- 8d ~ . 

1 
no = (t - -  sa~ " " 

The meanings of the subscripts are: w - w a l l ,  0 - t ube  axis.  
In the nonconducting region (Sw ~ <s* --<Sd ~ Eq. (1.1) takes the 

form 

~lds ~ / drl = -- l / B , ( 1 . 4 )  

and can  be put in the form 

BrlU ~ - -  t , 

r d Sd~ 

B =  2~S~ ' I = 2 g E  I ~ r d r =  2~s~ I (1.5) 

o 1 

The last equation can be converted to 

Sd~ 

I c~ot dsO A 
B 

1 

(i.6) 

Using (1.8), we obtain 

so 

! ~~ ~ = - -  a0"Io-- a l I 1 - -  a212, 

1 i s 7 

Io~ I (Pds~ II ~ I 6~176176 , I 2 = 1 6 ~ 1 7 6 1 7 6  , 
s ~ s ~ 1 

s ~ 
I t d s  = - a o ( l - s  ~ ) - - a t ( t - - s  ~ )__  a ~ ( l - - s  ~ 

2 3 
1 

Equation (1.6) takes the form 

( l  - -  Sd~ ( t  - -  B F )  A - -  ( I o d  -~- ~d - -  2 I l d )  B ~ l d  " ~ 0 , 

F = - -  m o I od @ m l i  ld - -  rn2I 2d" (1.9) 

Here I0d, IJd, and I2d are the values of I0, I1, and 12, respect ive ly ,  
when s ~ -- Sd% 
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When s ~ = s~ Eq. (1.7) gives 

A = [3 ~ 2 (1 - -  sd~ ) B] ~ld ~ (1.10) 
(1 - -  sad [ s  + ~ (t  - -  sa~ 

Integrat ion of Eq. (1.4) with the condi t ion  that  s~ = s~ leads to 

the relat ionship 

T l = exp [ - -  B (s ~ - -  Sw~ (1.11) 

Hence,  when s ~ = s~ we obtain the equat ion  

TId = exp [ - -  B (sd~ - - % ~  �9 (1.12) 

The system of equations (1.9), (1.10), and (1.12) can be used to de -  

t e rmine  the values  of B, ~?d' and A in re la t ion  to To. 
Expressions (1.9) and (1.10) lead to a quadrat ic  equat ion for g 

bob "z - -  b iB @ 3 (t  --- S d ~ = O, 

b0 = 2 [12 -t- a (2  - -  sd~ - -  sa~ I ld - -  [ 4  (2  -t- 2sa0 - -  Sd~ ~c 

+ ~ (1 - -  sad (1 + 2sa~ I oa - -  3 [4 ~ a (1 - -  sad ] I ~a' 

b~ = (t - -  sa~ [2 (1 - -  sad + 3F l = 

3 
= 2 ( I  - -  sa~ -}- i _ _ ~ V d ~  114  -1- a (1 - -  sa~ 1 la - -  

- -  Sd~ [2  (2 - -  sd~ + ct ( l  - -  sd~ I Od - -  [2  + a ( t  - -  sd~ 1 2 d } .  ( 1 . 1 3 )  

It  is obvious tha t  

I~ I 2 d - - 2 I l d  = i (t - - s ~ 1 7 6 1 7 6  (1.14) 
Sd~ 

The function 

] (s ~ = m o - m s  = - m~soz 

at  the ends of the in terval  (Sd ~ 1) takes the values f(Sd* ) = 0, ](1) = 
= - 2  and in this interval  has a single ex t r emum 

ra~ [4 + a (t - -  sa")]' 
@~. 4 [2 + ~ (1 - -  sa~ < 0 .  

Hence, in this in terval  f(s*) --< 0 and 

and presst~es p = (1-100)"  1.01325 �9 lO s N / m  z. Weused there la t ionship  
o = o ( T , p )  from [4] and the re la t ionship  k = k (T ,  p) from the da ta  of 
R. M. Sevost 'yanov and M. D. zdunkev ich .  Here and henceforth we 

use the in ternat ional  System of Units (SI). 
The data  for the ca l cu la t ion  and the obtained values  of B, A, ~d, 

Erw, I / r  w, and EI for different  values  of p* = 10 -~" p]1.01325 are g iven  
in Tab le  1; for comparison the las t  four rows of the tab le  g ive  the values  

of ~d, Etw, I /rw, and EI obtained numer ica l ly  by successive approxi-  
mat ions  f~om Eq. (1.1) brought to in tegra l  form. The numer ica l  me th -  

od of solution used here, which is s imi lar  to the known method [3, 6], 
was supplemented by a de te rmina t ion  of the radius of the conduct ing 
region.  As an in i t i a l  approximat ion we approximated the relat ionship 

o ~ = o'(~) by a fourth-degree polynomial .  

r ~ 

Fig. 2 

X 

! 

A comparison of the dislzibutions h* = h~(~, p}, found from known 
s* = s~ p) by means  of tables [5], is m a d e  in Fig. 1. Here and in 
Fig.  2 the dashed l ines correspond to the proposed approximate  method.  

The ca lcula t ions  for argon were made  with p = 1.01325.  105N/ 
/ m  ~, To= 9000-14 000" K, T w = 1000 ~ K, T d = 5500* K. 

Table  2 gives the da ta  for the ca lcu la t ions  and the obtained results; 
for comparison the four last  rows of the table  g ive  the values  of Er w, 
I / r  w, and EI from the results of [6] with the use of addi t iona l  data  on 

the var ia t ion of I / r  w with To in the absence of radia t ion.  
The dif ference in the values  of ~d, Erw, I / rw,  and EI for air does 

not exceed 5.1, 6.7, 12.4, and 9.7%, respec t ive ly .  For argon, the 

difference in the values  of Er w, I / r  w, and EI does not exceed 11.6, 
6.8, and 5.4~ respec t ive ly .  

Figure 2 compares  the results of ca lcu la t ion  of the dimensionless  

distribution of tempera ture  T ~ = T/T0 by our approximate  method and 

from [61 . 

F = - -  ~ Z ~ 1 7 6 1 7 6  
Sd~ 

(1.15) 

and, hence,  bl  > 0. 
Since A > 0, then from Eq. (1.9), using (1.14} and (1.15), we ob- 

ta in  

, b, :t:  1 /b ,~  - 12 iI - sd~ bo 
B < - ~ ,  B = 2bo (1.16) 

Here B is g iven by the quadratic equat ion ('1.13) and we take  the 

root which satisfies condi t ion 0-.16)~ 
We then de te rmine  the values  of ~d and A from (1.12) and f l .10) .  

The character is t ics  EI, Erw, and I / r  w are expressed in terms of A and B 

2m% [ So I/~ I 2~ ]/'A~os0 
E I  = B E r w =  ~A~o ) ' r ~ =  B 

The enthalpy charac ter i s t ic  h ~ = h*(~), h* = bib0, p = const is de -  
termined from (1.7), I1.8), and (1.11) with the aid of the relat ionship 
h = h(s,p),  which is assumed to be known. 

2. Calcula t ions  for air  and argon were made .  For air the c a l c u l a -  
tions were carried out for To = 6000* K, T d = 4000* K, T w = 780* K 
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